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Metal complexes useful as olefin polymerization catalysts corresponding 
to formula (I), wherein L is a delocalized, x -bonded group that is bound to M, 
containing up to 50 nonhydrogen atoms; M is a metal of Group 3, 4 or the 
Lanthanide series of the Periodic Table of the Elements; Z is a covalently bound, 
divalent substiruent of up to 50 non-hydrogen atoms having the formula: -<ER2)ra- 
, wherein E independently each occurrence is carbon, silicon or germanium, R 

independently each occurrence is selected from the group consisting of C1-20 hydiocarbyl. and C\.2o hydrocarbyloxy, with the proviso 
that in at least one occurrence R is C 1-20 hydrocarbyloxy, and m is an integer from 1 to 3; Y is a divalent ligand group comprising 
nitrogen, phosphorus, oxygen or sulfur, said Y containing up to 20 rionhydrogen atoms; X f is a neutral Lewis base ligand having up to 20 
non-hydrogen atoms; X** independendy each occurrence is a monovalent, anionic moiety selected from hydride, halo, hydrocarbyl. silyl, 
gennyl, hydrocarbyloxy, amide, siloxy, halohydrocarbyl, halorilyL siryflrydroctrbyl. and aminohydrocarbyl having up to 20 non-hydrogen 
atoms, or two X" groups together form a divalent hyb^ocarbadiyl group; n is a number from 0 to 3; and p is an integer from 0 to 2. 
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READILY SUPPORTABLE METAL COMPLEXES 

This invention relates to metal complexes and to addition polymerization catalysts 
formed therefrom that have improved catalytic performance, especially when supported on 
aluminum or silicon containing supports. More particularly such complexes comprise one or 
5 more Group 3, 4, or Lanthanide metal complexes containing one or more hydrocarboxy 
substituted silane bridging groups. In addition, the present invention relates to the process 
for preparing supported derivatives of such complexes and to a method of using such 
complexes as one component of a polymerization catalyst in an addition polymerization 
process for polymerizing addition poiymerizable monomers. 

10 In EP-A-41 6,81 5 there are disclosed certain constrained geometry metal complexes 

and catalysts derived by reacting the metal complex with activating cocatalysts. Supported 
derivatives of such catalysts were prepared by contacting them with a support such as 
alumina, silica or MgCI* In USP 5,064,802 there are disclosed certain further catalysts formed 
by reacting metal complexes with ion forming activating cocatalysts that are salts of Bronsted 

15 acids containing a noncoordinating compatible anion. The reference discloses the fact that 
such complexes are usefully employed as catalysts in addition polymerizations. In EP-A- 
520,732 an alternative technique for preparing cationic constrained geometry catalysts using 
borane activators Is disclosed. 

In USP 4,892,851 there are disclosed biscyclopentadlenyl Group 4 metal complexes, 
20 especially complexes of zirconium or hafnium that are usefully employed with alumoxane 
activating cocatalysts for use in addition polymerizations, especially the polymerization of 
aliphatic o-olefins. In a series of patents, W. SpaeHck has disclosed certain ring substituted 
stereorigid bisindenyl complexes and their use as olefin polymerization catalysts. The 
bridging group of such complexes genetically includes silicon, germanium or tin containing 
25 divalent groups containing hydride, halogen, Ci.io alkyl, d. 10 fluoroaikyf, C«. t0 aryl, C*.it 

fluoroaryl, d. 10 alkoxy, Cm 0 alkenyl, C7.40 aralkyl, Cw aralkenyl or C7.40 alkylaryl groups or ring 
forming combinations thereof. Such disclosure may be found In USP's 5,243,001, 5,145,819, 
5,304,614 and 5,350,817, among others. 

It would be desirable if there were provided an Improved catalyst system that is more 
3 0 readily adaptable to forming supported catalyst systems as well as an improved addition 
polymerization process utilizing such catalyst systems. 



-1- 



WO 97/15602 



PCT/US96/14608 



There have now been discovered new end Improved Group 3, 4, or Lanthanlde metal 
complexes corresponding to the formula: 

Z-Y 
/ I 

or a dimer, solvated adduce chelated derivative or mixture thereof, 
wherein: 

L la a detocalized, n-bonded group that Is bound to M f containing up to 50 
nonhydrogen atoms; 

M is a metal of Group 3, 4 or the Lanthanlde series of the Periodic Table of the 
Elements; 

Z Is a covalently bound, (fivalent aubstttuent of up to 50 non-hydrogen atoms having 
the formula, -{ERaW* wherein E independently each occurrence Is carbon, aillcon or 
germanium, R Independently each occurrence is selected from the group consisting of d.* 
hydrocarbyl, and C V2 o hydrocarbytoxy, with the proviso that in at least one occurrence R Is C v 
20 hydrocarbyloxy, and m Is an integer from 1 to 3; 

Y Is a divalent ligand group comprising nitrogen, phosphorus, oxygen or sulfur, said Y 
containing up to 20 nonhydrogen atoms; 

X' is a neutral Lewis base ligand having up to 20 non-hydrogen atoms; 

X" independently each occurrence is s monovalent, anionic moiety selected from 
hydride, halo, hydrocarbyl, silyl, gsrmyl, hydrocarbyloxy, amide, ailoxy, halohydrocarbyl, 
halosilyl, sitylhydrocarbyt, and aminohydrocarbyt having up to 20 non-hydrogen atoms, or two 
X" groups together form a divalent hydrocarbadiyi group; 

n la a number from 0 to 3; and 

p is an integer from 0 to 2. 

There are also provided improved catalyst compositions comprising one or more of 
the foregoing Group 3, 4 or Lanthanlde metal complexes and one or more activating 
cocatalyats. 

In a further embodiment there is provided a supported catalyst system comprising one 
or more of the foregoing metal complexes, one or more activating cocatalysts, and an 
aluminum or silicon containing support material. 
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Finally there is provided an Improved method for polymerization of addition 
polymerizable monomers using one or more of the above addition polymerization catalysts or 
catalyst systems. Such addition polymerization processes may be used to prepare polymers 
for use in molding, film, sheet, extrusion foaming and other applications. 

5 Detailed Description 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic 
Table of the Elements, published and copyrighted by CRC Press, Inc., 1989. Also, any 
reference to a Group or Groups shall be to the Group or Groups as reflected in this Periodic 
Table of the Elements using the IUPAC system for numbering groups. 

10 Suitable L groups for use herein include any neutral or anionic n-eiectron containing 

moiety capable of forming a delocalized bond with the Group 3, 4 or Lanthanide metal. 
Examples of such neutral groups include arene moieties such as benzene, anthracene or 
naphthalene, as well as substituted derivatives of such groups. Examples of anionic n- 
electron containing moieties include allyi, pentadienyl, cyclopentadienyl, cyclohexadienyl, as 

is well as substituted derivatives of such groups. 

By the term "derivative" when used to describe the above substituted, delocalized n» 
bonded groups is meant that each atom in the delocalized unbonded group may independently 
be substituted with a radical selected from the group consisting of hydrocarbyl radicals, halo-, 
cyano or dialkylamino- substituted-hydrocarbyl radicals, and hydrocarbyl-substHuted 

20 metalloid radicals wherein the metalloid is selected from Group 14 of the Periodic Table of the 
Elements. Suitable hydrocarbyl and substituted-hydrocarbyl radicals used to form derivatives 
of the substituted, delocalized a-bonded group will contain from 1 to 20 carbon atoms and 
include straight and branched alkyl radicals, cycloalkyl radicals, aryl radicals, alkyl-substltuted 
cycloalkyl radicals, and alkyl-substltuted aromatic radicals. In addition two or more such 

25 radicals may together form a fused ring system or a hydrogenated fused ring system. 

Examples of the latter are indenyf-, tatrahydroindenyf-, fluorenyK and octahydrofluorenyl- 
groups. Suitable hydrocarbyl-substltuted organometaJlold radicals include mono-, dt- and 
trisubstltuted organometalloid radicals of Group 14 elements wherein each of the hydrocarbyl 
groups contains from 1 to 20 carbon atoms. Mors particularly, suitable hydrocarbyt- 

30 substituted organometalloid racficals include trlmethylsllyl, triethytsllyl, ethyldimethylsilyl, 
methyldiethylsllyl, triphenytgermyl, trimethylgerrnyl and the I Dee. 

Preferred L groups are anionic L groups, including, cyclopentadienyl, Indenyt, 
fluorenyl, tetrahydroindenyl, tetrahydroftuorenyl, octahydrof luorenyl, pentadienyl, 
cyclohexadienyl, dlhydroanthracenyl, hexahydroanthracenyt, decahydroanthracsnyl groups, 
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and C,. 10 hydrocarbyl-substituted derivatives thereof. Most preferred anionic L groups are 
tetramethylcydopentadienyl, 2-methylindenyl, 3-methylindenyi and 2,3-dimethyllndenyl. 

Examples of highly preferred complexes according to the present invention 



R' 




R* R' 



correspond to the formula: 
5 wherein: 

M is titanium, zirconium or hafnium, preferably titanium, in the +2, +3 or +4 formal 
oxidation state; 

-Z-Y- is as previously defined; 

R' independently In each occurrence is selected from the group consisting of 
10 hydrogen, hydrocarbyl, silyl, germyi, cyano, halo and combinations thereof, said R* having up 
to 20 non-hydrogen atoms each, or adjacent R' groups together form a divalent derivative that 
is a hydrocarbadiyl, slladlyl or germadlyl group; 

X' is a conjugated diene having from 4 to 30 non-hydrogen atoms, which forms a *• 
complex with M when M is in the +2 formal oxidation state, whereupon n is 1 and p is 0; 

15 X" each occurrence is an anionic ligand group that is covalently bonded to M when M 

is In the +3 or +4 formal oxidation state, whereupon n is 0 and p is 1 or 2, and optionally two 
X" groups together form a divalent anionic ligand group. 

Preferably, R v Independently in each occurrence is selected from the group consisting 
of hydrogen, methyl, ethyl, and all isomers of propyl, butyl, pentyl and hexyl, as well as 
20 cyclopentyl, cyclohexyl, norbornyl, benzyl, and trlmethyl silyl; or adjacent R* groups are 
linked together thereby forming a fused ring system such as an Indenyl, 2-methylindenyl, 3- 
methytindenyl, 2,3-dimethyfindenyl, 2-methyM-phenylindenyl, 2-methyM-naphthylindenyl, 
tetrahydroindenyl, fluorenyl, tetrahydrof luorenyl, or octahydrofluorenyl group. 



Preferred L groups include cyclopentadienyl, tetramethyteyclopentadianyl, indenyl, 
2 5 tetrahydroindenyl, fluorenyl, tetrahydrof luorenyl, octahydrofluorenyl, or one of the foregoing 
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groups further substituted with one or more methyl, ethyl, propyl, butyl, pentyl, hexyl, 
(including branched and cyclic isomers), norbornyl, benzyl, or phenyl groups. 

Examples of suitable X' moieties include: t| 4 -1 ,4-dlphenyM ,3-butadlene; 
pentadiene; T) 4 -1-phenyM>pentadlene; Ti 4 -1,4-dibenzyM ^-butadiene; Tj 4 -2,4-hexadiene; 
5 methyl-1 ,3-pentadlene; ij 4 -1 ,4-ditolyM ^butadiene; and tj 4 -1 t 4-bis(trimethytsityfH ^butadiene. 
Of the foregoing 1 ,4-diphenyM ^butadiene, 1-phenyM,3-pentadiene, and 2,4-hexadiene are 
preferred. 

Examples of suitable X" moieties include chloride, methyl, benzyl, phenyl, tolyl, t-butyl, 
methoxide, and trimethylsilyl or two X" groups together are 1 ,4-butanediyl, s-cis(1,3- 
i o butadiene), or s*cis(2,3-dimethyM ,3-butadtene). 

Preferred Z groups are those wherein E is sIHcon, m is 1, and R in at least one 
occurrence is methoxide, ethoxide, propoxide or butoxlde. 

Preferred Y groups are amido groups of the formula: -NR*-, wherein R* is C v ™ 
hydrocarbyl, especially methyl, ethyl, propyl, butyl, pentyl, hexyl, (including branched and 
15 cyclic isomers), norbornyl, anilido, 2, 4, 6-trimethylanllldo, adamantanyl, benzyl, or phenyl. 

In the most preferred embodiment -Z-Y- is an amidosllane or amldoalkane group of up 
to 10 nonhydrogen atoms, especially, (tert-butylamidoX2-butoxymethyl-sllanedlyl), (tert- 
butylamidoHisopropoxymethylsilanediyl) or (tert-butylamldoXethoxymethylsilanediyO. 

Illustrative derivatives of Group 3, 4 or Lanthanlde metals that may be employed in the 
20 practice of the present invention Include: 

2-butoxvmethvlsilanedivi complexes : 

(n-butylamido)2-butoxymethyl(iiMetra (II) 1,4-diphenyl- 

1,3-butadiene, 

(n-butylamido)2^utoxymethyl(n s -tetramethylcyclop«nta^ (II) 1,3- 

25 pentadiene, 

(n-butytamido)24utoxymethyl(n s -te^ (IU) 2-(N,N- 

dlmethylamino)benzyl, 

(n-butylamido)2^utoxymethyl(^ (IV) dimethyl, 

(n-butylamido)2-birtoxymethyKTi 5 -tetramet^ (IV) dibenzyl, 

3 o (cyclododecylam»do)2^toxymethy1^ (II) 1 ,4- 

diphenyM ,3-butadtene, 
(cyc»ododacytamldo)2-butoxymethyl(Ti 5 -teto (II) 1,3- 

pentadiene, 

-5- 
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(cyclododecylamido)2-butoxym^ (HI) 2 - 

(N,N-dimethylamino)benzyl, 
(cyciododecylamtao)2-butoxymethyt^ (iv) 

dimethyl, 

(cyclododecylamido)2-butoxymethyl(^ (IV) 
dlbenzyl, 

(2,4,6-trlmethylanilido)24^^ (II) 1t4 . 

dlpheny M ,3-butadiene, 
(2,4,6-trln^ylanilklo)2-bu^ (II) i f3 - 

pentadiene, 

(2,4,6-trimethylanilido)2-butoxym (10) 2- 

(N f N-dimethylamino)benzyl v 
(2,4,6-trimethylanilido)2-butoxymethy^^^ 

dimethyl, 

(2,4,6-trimemylanl!kJo)2^utoxymethy^ (IV) 
dtbenzyl, 

(1-adanuirity1amido)24iftoxyn^ (II) 1,4- 

diphenyM ,3-butadlene, 
(1-adamantytamldo)2^utoxymet^ (II) 1,3. 

pentadiene, 

(1^damantylamido)2^utoxyrnethyl(T) 9 -tetramethylcycl^ (III) 2-{N,N- 

dimethylamino)benzyl, 
(1 -adamantytamido)2-btrtoxymethyl(^ (IV) 

dimethyl, 

(1 -adamantylamido)2-butoxymethyl(^ (IV) 
dibenzyl, 

(n-butylamido)2-butoxymethyKTl 5 -2Hi^yllndenyl)$llanetitanium (II) 1,4-diphenyM,3- 
butadiene, 

(rv4>utylamldo)2-butoxymethyl(Ti 5 -2Hnethyllndenyl)silanetitanium (II) 1,3-pentadiene, 
(rv*utylamldo)2-butoxymethyl(^ (III) 2-(N,N- 

dimethylamino)benzyl 9 
(n*utylamldo)2-butoxymethyKii 5 4^ (IV) dimethyl, 

(n-butytamido)2-butoxymethyt(^ (IV) dfcenzyl, 

(cyclododecylanrido)24>utoxymethyl^ (It) 1,4-diphenyM ,3- 

butadlene, 

(cyclododecylamido)24HJtoxyimthy^ (II) 1,3-pentadiene, 
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(c^dododecytamido)2-butoxymethyt(^^ (III) 2-(N,N- 

dimethylamino)benzy1, 

(cydododecytamido)2-butoxymethy1(ii s -2-f^ (IV) dimethyl, 

(cyclododecytamtao)2-butoxymeth^^ (IV) dibenzyl, 

(2A&trimethylanilldo)2-butoxymrt^ (II) 1,4-dfphenyM,3- 

butadiene, 

(2,4,6-trimethylanllldo)2^toxy^^ (II) 1,3-pentadiene, 

(2,4,6-trinrethylanilick>)2^oxy^^ (ill) 2-(N,N- 

dimethylamino)benzyfl, 

(2A^trimethytanilido)2-butoxymeth^ (IV) dimethyl, 

(2,4,6-trintethyianilkio)24>irtox^ (IV) dibenzyl, 
(1^damantylamido)2-butoxymethyKii^2-methyl In denyl)-fti la net Itanium (II) 1,4-dlphenyM,3* 

butadiene, 

(1sidarrarrtylamido)2-biitoxymethyK^ (II) 1,3-pentadiene, 

(1^anwntylamkJo)2-butoxym«th^ (III) 2-(N,N- 

dimethylamino)benzyl, 

(1^damantylamido)2-butoxymethyKn s *2-methyll (IV) dimethyl, 

(1»adamantylamido)2-butoxymet^^ (IV) dibenzyl, 

(r>^utylamido)2-butoxymethy1ft 5 -3^eft^ (II) 1,4-d!phenyM t 3- 
butadiene, 

(rv*utytamldo)2-butoxymethyK^ 5 -3^e^ (II) 1,3-pentadiene, 

(r>4>utylamkio)2-butoxymethyK^ (III) 2-(N,N- 

dhnethylamlno)benzyl, 

(rh^utylamido)2-butoxymethyK?i 5 -3^ethyllri^ (IV) dimethyl, 

(n^utytamido)2-butoxymethyl(Ti 5 -3-fneft^ (IV) dibenzyl, 

(cyclododecylaml(to)2H3tJtoxymethyl(T) > *^Hnethyffndeny (10 1»4-diphenyM r 3* 

butadiene, 

(cydododecylamido)2-butoxyfnethy!fa^^ 00 1,3-pentadiene, 

(cydododecytamldo)2*utoxynieft^ (III) 2-(N,N- 

dimethylamlno)benzyl v 

(cydododecytamlcto)2^utoxymethyl(^ (IV) dimethyl, 

(cydododecy1amlclo)2-tuitoxymethylto^^ (IV) dibenzyl, 

(2,4,6-trimeth7lanilido)2-butoxy^^ (II) 1 ,4-diphenyM,3- 

butadiene, 

(2A6-trlmethyftanilido)2-butoxyme^ (II) 1,3-pentadiene, 
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(2A6-trimethylanilido)24utoxym^ (III) 2-(N,N- 

dlmethyfaminolbenzyt, 

(2,4,6-trtn^ylanilJdo)24utoxymeW (IV) dimethyl, 

(2,4,6-trimethylanilido)2-butoxyn^ (IV) dibenzyl, 

5 (1*damantylamido)24>utoxymethyl^ (II) 1 ,4-diphenyl-1 > 

butadiene, 

(1sadamantylamido)2-bu1oxymethy1(^ (II) 1,3-pentadiene, 

(1^damaritylamfdo)2-butoxyinethyl(Ti s ^methylinden (ill) 2-<N,N- 
dimethylamino)benzyl, 

10 (1^damarrtytamWo)2-butoxymethy1(i^^ (IV) dimethyl, 

(1-adamantylamido)2-butoxymethyl(T^ (IV) dibenzyl, 

(n-butylamido)2*rtoxymethyl(Ti 5 -2,^ (II) 1,4-dlphenyM> 
butadiene, 

15 (n-butytamido)24»utoxymethyKT^ (II) 1 ,3-pentadlene, 

(n-butylamido)2^utoxymethyl(T^ (III) 2-<N,N- 

dlmethylamino)benzyl, 
(n-butyflamido)2H3utoxymethyl(Ti^2 t 3<limethylindenyl)allanetitanium (IV) dimethyl, 

(rnbuty1amldo)2-butoxymethy^ (IV) dibenzyl, 

2 o (cyclododecylamidop-butoxymethylft^ (II) 1 ,4-diphenyt- 
1,3*butadiene, 

(cyclododecylamWo)2-butoxymethyl(n^ (II) 1,3-pentadiene, 

<c^clododecylamido)2-butoxymethyl(n s -2,34 (III) 2-<N,N- 
dimethylamino)benzyl, 

25 (c^clododecylamido)2-butoxymethyl(Ti 5 -2>d^ (IV) dimethyl, 

(cyclododecylamido)2-butoxymethyl(Ti f -2,3^ (IV) dibenzyl, 

(2,4,6-trinMthylani!ldo)2-butoxym^ (II) 1,4-diphenyl- 
1,3-butadiene, 

(2A6-trimethylanilido)2~butoxym^ (II) 1,3- 
30 pentadiene, 

(2,4,6-trimethylanilido)2-butoxym^ (HI) 2-(N,N- 

dlmethy1amino)benzyl, 

(2A6-trimethylaniIido)2*u1oxyn»thy^ (IV) dimethyl, 

(2,4,6-trimethylanilido)24utojwet^ (IV) dibenzyl, 
35 (1 *damantylamido)2-butoxymethy Kn $ *2,3-dimethytindenyl)-ellanetaanium (II) 1 ,4-diphenyM ,3- 
butadiene, 

(1*damanty!amido)24>utoxymethyKii 5 ^ (II) 1,3-pentadiene, 
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(1-adamanty!amfdo)24irtoxyn^W^ (III) 2-<N,N- 

dimethylamino)benzyl, 

(1-adamantylamido)2-birtoxymethyi^ (IV) dimethyl, 

(1-adanrantylamido)2-birtoxymethyl(^ (IV) dibenzyl, 

5 

(r^utylamtdo)2-butoxymethyt(7i 5 -2-m^ (II) 1,4-diphenyl- 
1,3-butadiene, 

(n-butylamido)2-butoxymethyl(Ti'-2-fTO (II) 1 ,3-pentadiene, 

(n-butylamido)24)utoxymethyKn**2-^^ (III) 2-(N,N- 

10 cfimethytamlno)benzyi, 

(n-butylamido)2-butoxynwthyl(n 6 -2-m (IV) dimethyl, 

(n-buty!amido)2-butoxymethyl(r| 5 *2-methyl-^^ (IV) dibenzyl, 

(cyclododecy1amldo)2-butoxymethyKT) 5 -2H*^ (II) 1,4- 

diphenyM ,3-butadiene, 

15 (cyclododecylamkio)2-Uitoxymethyl(Ti s -2-^ (II) 1 ,3- 

pentadiene, 

(cyclododecylamido)2-butoxymetty^ (III) 2-(N,N- 

dlmethylamino)benzy1, 

(cydododecylamido)2-butoxymethyKYi s -2-m8thyM-phenylind (IV) dimethyl, 

20 (cydododecylamido)2-butoxyrnethytft^ (IV) dibenzyl, 

(2,4,6-triirothylanmdo)2-butoxym (I!) 1 ,4- 

diphenyH ,3-butadiene, 
(2,4,6-trimethylani!ido)2-buto^^ (II) 1*3- 

pentad lens, 

25 (2,4,Mrimethylanilido)2-b^ (III) 2-(N,N- 

dimethylamlno)benzyl t 
(2,4,6-trimethytanMdo)2-bu^^ (IV) 
dimethyl, 

(2,4,6-triinethylanMdo)2-butoxym (IV) 
ao dibenzyl, 

(1-adamanty1amido)2-butoxymethyl(T^ (li) 1,4- 

diphenyl-1 ,3-butadiene, 

(1-adamantylamldo)2-butoxynmthyf(^ (II) 1 ,3- 

pentadiene, 

35 (1 -adamanty1amldo)2-birtoxyrTiarthy<^^ (111) 2-{N,N* 

d!methy1amino)benzyl, 

(1-adanrantylamldo)2-butoxyntethy1(Ti 5 -^^ (IV) dimethyl, 
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(1-adamantylamido)2^oxymethyl(^ (IV) dibenzyl, 

(n4>utylamido)2-butoxymethyl(ii 8 -^^ (II) 1 ,4-dipheny 1-1,3- 

butadlene, 

(n-butylamfdo)2-butoxymethyl(ii 5 -tetrahydrofluoren (II) 1,3-pentadiene, 

(n-butylami(to)2-butoxymethyl^ (III) 2-<N,N- 

dimethylamino)benzyl v 
(n-butytanrtldo)2-birtoxyniethyK^ (IV) dimethyl, 

(n-butylamido)2«birtoxymethyKTi s -tetra^ (IV) dibenzyl, 

(cyclododecytamWo)2-butoxyn»thyK^ (||) 1,4-diphenyl- 

1,3-butadlene, 

(cyclododecytamkk>)2-butoxyinethy^ (II) 1,3-pentadiene, 

(cyclododecytamido)2-butoxyrnethyl(n 5 -^^ (ill) 2-<N,N- 

dimethylamino)benzyt, 

(cyclododecylamldo)2-butoxynwthyl(ii 6 -tetrahydrofluorenyl (IV) dimethyl, 

(cyclododecytamWo)2-butoxymethyl(Ti 5 -tatrahydrofliiorenyl)sito (IV) dibenzyl, 

(2,4,6-Uimemylajillido)2-butoxy^ (II) 1,4-dlphenyl- 

1,3-butadiene, 

(2,4,6-trimethytan!lldo)2-butoxynra^ (II) 1 f 3-pentadiene v 

(2,4,6-trimethylanilido)2-butoxymethy^^^^ (111) 2-<N,N- 

dimethylamino)benzyi, 

(2,4,6-trlmethylaiillldo)2-butoxym^ (IV) dimethyl, 

(2,4,6-trimethylajillldo)2-bu^ (IV) dibenzyl, 

(1-adamantylamido)2-butoxymethyl(Ti 5 -te^^ (II) 1,4-diphenyM,3- 

butadiene, 

(1*adamantylamklo)2-butoxymethylOiMetra^ (II) 1,3-pentadlene, 

(1^damaiitylamido)24)utoxynwthyKT) s -tetrahydrafluorm (III) 2-(N,N- 

dimethylamino)banzyt, 

(1-adamanty!amldo)2*utoxymeth^ (IV) dimethyl, 

(1-adamantytamido)24>utoxymethyKti 9 -tetrahydrofluoren^ (IV) dibenzyl, 

ethoxvmethvlsilanedM comolexea 

(n-butylamldo)ethoxymethyKn**tetrametty^ (10 1 ,4-dlphenyl- 
1,3-butadlene, 

(n4)utylamklo)ethoxymethyKii 6 *tetramethylcydopentt (II) 1,3-pentadlene, 

(n^utylamido)ethoxymethyKn*-toto (III) 2-(N,N- 
dimethylamlno)benzyl, 
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(n-butylamido)ethoxym6thyl(T)Metram (IV) dimethyl, 

(ivbutytamldo)ethoxymethyl(^ (IV) dibenzyl, 

(cyclododecylamldo)ethoxymethylft 5 -^^ (II) 1,4- 

diphenyM ,3-butadiene, 
(cyclododecylamido)elhoxymethyt(Ti s 4etram^ (II) 1,3- 

pentadiene, 

(cyclododecylamido)ethoxymethytft s -4«^ (ill) 2-(N,N- 

dimethyIamino)benzyI, 
(cyclododecylamido)ethoxymethyt(T) s -tetra (IV) 

dimethyl, 

(cyclododecylamido)ethoxymethyl(T) 9 -t^ (IV) dibenzyl, 

(2,4,6-trimethylanilido)ethoxymethyl(^ (II) 1,4- 

diphenykt ,3-butadiene, 
(2,4,6^imetfcylanilido)ethoxymethy1^ (II) 1,3- 

pentadiene, 

(2,4,6-trimethylanIIIdo)ethoxymeth^ (III) 2-<N,N- 

dimethylamino)benzyl, 
(2,4,6-trln^ylanilido)ethoxymet^^ (IV) 

dimethyl, 

(2 ) 4 > 64rimethylanllido)ethoxymethyl(ii 5 -tetrarmthyl^^ (IV) 
dlbenzyl, 

(1-adamantytamkio)ethoxymethyl(r^ (d) 1,4- 

diphenyM ,3-butadiene, 
(1-adamantytemido)ethoxymethyl(r| 5 -tetramethylcyctopen (U) 1,3- 

pentadiene, 

(1-adamantylamido)ethoxyTnethy!(nMetran^ (111) 2-(N,N- 

dimethylamino)benzyl, 

(1-adamantytamido)ethoxyme*hy^ (IV) dimethyl, 

(1-adamantylamulo)ethoxymethyKTiMetramethylcyclopen (IV) dibenzyl, 

(n-butylamido)ethoxymethyKil s -2-methylindenyf)8ilanetltanium 00 1,4-diphenyM ,3-butadiene, 
(n-butylamido)ethoxymethy1(n s -2-methylindeny 00 1,3-pentadlene, 

(n-butylamido)ethoxyfrathyl(n s -2-methyiindenyl)ei^ 0") 2-<N,N- 

cfimethylamino)benzyl, 
(n4>utylamido)ethoxyiMthyHi^ (IV) dimethyl, 

(rkbutylamido)ethoxymethyl(^ (IV) dibenzyl. 
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(cyclododecylamido)ethoxymethyKT^^ (II) 1 ,4-cBpheny 1-1,3- 
butadlene, 

(cyclododecylamido)«thoxymtthyKn 5 -2-nr>ethylin (||) 1,3-pentadiene, 

(cyclododecylamido)ethoxymethyKn s -2-m^ (III) 2-(N,N- 

dimethylamlno)benzy1, 

(cyclododeeylamldo)ethoxymethy^ (IV) dimethyl, 

(eyclododecylamido)e1hoxyfnethyl(Ti s -2-me (IV) dibenzyl, 

(2,4,6-trimethytamtido)ethoxymeW (||) 1 ,4-dipheny 1-1,3- 

butadiene, 

(2,4,6-trin^thylanilldo)ethoxymethyl(Ti 5 -2-m«th (II) 1,3-pentadfene, 

(2,4,6-trimethylanllldo)ettK>xyme^ (III) 2-(N,N- 

dlmethytamlno)benzyl, 

(2,4,6-trimethylanilIdo)etho)cynM^ (IV) dimethyl, 

(2,4,e-trimethylanilido)ethoxyme^ (IV) dibenzyl, 

(1~adamantylamido)ethoxymethyKii s -2-methylta^ (II) 1,4-dlphenyM,3- 

butadiene, 

(1-adamantytamido)ethoxymethyKTi s -2HTiethylinderiyl)8lta (II) 1,3-pentadiene, 

(1-adamantylamkto)ethoxymethyKTi 8 -2-fTiethylindenylH (III) 2-(N,N- 

dlmethylamlno)benzyl, 

(1-actamantytamido)ethoxymethyKTi s -2-^ (IV) dimethyl, 

(1-adamantylamldo)ethoxymethyKTi s -2-methylindenyl)allanet^ (IV) dibenzyl, 

(n-butylamido)ethoxyrnethyl(Ti s -3-methylindenyl)ailanetlUnium (It) 1,4-diphenyM,3-butadiene, 
(n-butylamldo)ethoxymethyl(Ti s -3-methylindenyl)silanetitanium (II) 1,3-pentadiene, 
(n-butylamido)ethoxymethyl(n s -3Hfnethylindenyl)silanetitanlum (III) 2-(N,N- 

dimethylamino)benzyl, 
(n-butylamido)ethoxymethyl(n 5 ^m (IV) dimethyl, 

(n-butylamido)ethoxymethyKn s -3^nethylindenyt)tilane (IV) dibenzyl, 

(cyclododecytanticto)ethoxytnethyl(ii^ (II) 1 ,4-dipheny 1-1 ,3- 

butadiene, 

(cyclododecylamido)ethoxymethyl(ii 5 ^^ (10 1,3-pentadiene, 

(cyclododecylamido)ethoxymethyl(Ti s -3-m (III) 2-(N,N- 

dimethytamlno)benzyl, 
(cyclododecylamido)ethoxymethyl(ii 5 -3-methyllndenyl)sllanetta (IV) dimethyl, 
(cyclododecylamido)ethoxymethyl(Ti B -3-mtthylindenyl)eilaneUtanium (IV) dibenzyl, 
(2,4,&-trimethylanilido)ethox^ (II) 1,4-diphenyM,3- 

butadiene, 
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(2,4 ( 6-trimethylanflicto)eto (II) 1,3-pentadftene, 

(2,4,6-trimethytannido)ethoxy^^ (III) 2-(N,N- 

dimethylamino)benzyi, 

(2,4,6-triinemy1anIlido)ethoxyrtt^ (IV) dimethyl, 

(2,4,6-trimethylanilido)ethoxyrneto^ (IV) dibenzyl, 

(1 -adarnantylamtdoJethoxymethyH^^ (10 1 ,4-dtphenyM ,3- 

butadiene, 

(1-adamajitytamfdo)ethoxymeth^ (II) 1,3-pentadiene, 

(1-adanr»ntylamldo)ethoxymethy1(Ti 5 -3-methyllndenylH (III) 2-<N,N- 

dimethylamino)benzyl, 

(l-adamantylamido)ethoxyimthyl(ri^ (IV) dimethyl, 

(1-adamantylamldo)ethoxyrnethyl(Ti & *3-fnethylindenyl)sM (IV) dibenzyl, 

(n-butylamldojethoxynriethylft^ (II) 1,4-dlphenyH ( 3- 
butadiene, 

(n-buty1amido)ethoxymethylto 5 ^ (II) 1,3-pentadiene, 

(tvbutylamldo)emoxyn^y!ft 5 -2^ (III) 2-(N,N- 

<fimethylamino)benzyi, 

(n-butylainido)ethoxymethyt(ii s -2,^ (IV) dimethyl, 

(n-butylamido)ethoxymethyl(Ti B ^ (IV) dibenzyl, 

(cyclodcKtocylamido)ethoxyme1hyl(n s -2 l 3-dimethy^ (10 1,4-diphenyU,3- 

butadtene, 

(cyclododecytamido)ethoxymethyl(^ (II) 1,3-pentadlene, 

(cyclododecylamido)ethoxymethyK^ (HO 2-(N, N- 

dlmethylamlno)benzyl, 

(cyclododecy!amido)ethoxymethyl(n 8 -2^ (IV) dimethyl, 

(cyclododecylamido)ethoxyinethyl(Ti s -2,^ (IV) dibenzyl, 

(2,4,6-trimethylani!ldo)etto^ (11) 1,4-diphenyl- 

1,3-butadlene, 

(2,4,&-trifnethytajillido)ethoty^ (11) 1,3-pentadlene, 

(2A6-trin*thylanllido)ethoxym^ (III) 2-(N,N- 

dimethylamJno)benzyl v 

(2A6-trtn™thylanilIdo)eth^^ (IV) dimethyl, 

(2,4,6-trinwthylanilido)ethoxyn^ (IV) dibenzyl, 

(1~adairantyiamido)ethoxymethyl^ (U) 1,4-dlphenyH^- 

butadiene, 

(1^damantylamlcto)ethoxymethyl(Ti 5 ^ (II) 1,3-pentadlene, 
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(1-adamantylamido)ethoxyme^ <nr> 2-(N,N- 

dimethylamino)benzyl, 

(1-adamantylamldo)ethoxymethyK^ (IV) dimethyl, 

(1-adamantylamldo)ethoxymethyl(ii 5 -^ (IV) dlbenzyl, 

(n-butylamido)ethoxymethy!(^ (II) 1,4-dlphenyM,3- 
butadiene, 

(n-butylamido)ethoxymethyl(^ (II) 1,3-pentadiene, 

(n-feitytam!do)ethoxymethy^ (111) 2-(N,N- 

dimethytamino)benzyl, 

(rvbutylamido)ethoxymethyKii 5 -2^ethy (IV) dimethyl, 

(frbutytamido)ethoxymethyKTi^^ (IV) dlbenzyl, 

<cyctododacylamido)athoxyinethyl(n 6 -2^e (II) 1,4- 

diphenyM ,3-butadfene, 

(cyclododecylamldo)ethoxymethy^ (II) 1,3- 
pentadiene, 

(cyclododecylamido)ethoxymethy^ (III) 2-(N,N- 
dimethylam ino)benzyt, 

(cyctododecylamido)ethoxymethy^ (IV) dimethyl, 

(cyclododecytamldo)ethoxymemyl^ (IV) dlbenzyl, 

(2,4,6-trimethylanilido)ethoxyn^ (II) 1,4- 

diphenyM ,3-butadtene, 

(2,4,6-trimethylanilido)ethoxymetty^ (II) 1,3- 

pentadiene, 

(2,4,64rlme1hylaxillido)ethoxyinet^^ (III) 2-(N,N- 
dimethylamino)benzyl v 

(2,4,6^lrrothylanllldo)ethoxymethyKTi 5 -2-met^ (IV) dimethyl, 

(2,4,6-trinmthylan|||do)et^^ (IV) dlbenzyl, 

<1-adamantylamido)ethoxymethyl(n s -2-fl^ (II) 1,4-diphenyl- 
1,3-butadiene, 

(1-adamantylamldo)ethoxymethyKii*-2-methy^ (II) 1,3- 
pentadlene, 

{1-acUmantylamldo)ethoxymethyl(^2-f^^ (lit) 2-(N,N- 
dimethylamino)benzyl, 

(1-adamantylamldo)ethoxymetayt(T^ (IV) dimethyl, 

(1-ad*irantylamido)afthoxymethyf(i^^^ (IV) dlbenzyl, 
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(n-butytamido)ethoxymethyKii s -tetrahydrrf^ 00 1 ,4-dipheny 1-1,3- 
butadiene, 

(n-butylamido)ethoxymethyl(TiMetrahy (II) 1,3-pentadiene, 

(n-butytamido)ethoxymethyt^ (III) 2-(N,N- 

dimethyIamIno)benzyl, 

(n-butytamldo)ethoxymethy1(Ti 5 -teta (IV) dimethyl, 

(rvbutylam»do)ethoxymethyl(TiMe^ (IV) dlbenzyl, 

(eyelododecytamido)ethoxymethyl(Ti 5 40tra^ (II) 1,4*dlphenyM i 3- 

butadiene, 

(cyclododecytamick>)ethoxymethyt(Ti 8 -teta (II) 1,3-pentadiene, 

(cyc»ododecylamido)ethoxymethyl(Ti 5 -tetrahydrofluorenyl>8l (III) 2-(N,N- 

dlmethylamfno)benzyl, 

(cyclododecylamido)ethoxymethyl(Ti^ (IV) dimethyl, 

(cyclododecytemido)ethoxymethyt{Ti 8 -tetrahy^ (IV) dlbenzyl, 

(2,4,6-trimethylanHido)ethoxymethy^^ (II) 1,4-diphenyM,3- 

butadiene, 

(2,4,6*imeftytanllido)ethoxymeth^ (II) 1,3-pentadiene, 

(2,4 f 6-trlmethylanlll(to)ethoxymethyl(ii s -tetra (III) 2-(N,N- 

dimethylamino)benzyl f 

(2,4,Mrimethylanllldo)ethoxyineta^ (IV) dimethyl, 

(2,4,6-trimethylanllicto)ethox^ (IV) dlbenzyl, 

(l^damantylamldojethoxymethylfa'-teta^ (II) 1,4-diphenyM,3- 

butadiene, 

(1-adamantylamido)ethoxymethyl(Ti 8 -tetra (II) 1,3-pentadiene, 
(1^damantylamldo)ethoxyn^yl(T|MetrahydrofluorwylHilanetttanium (III) 2-<N,N- 

dlmethylamlno)benzyl f 

(1-adamantylamido)ethoxynrathyl(nMetrah^ (IV) dimethyl, 

(1-adamantylamldo)ethoxymethyKn 5 -t«trahydrofliiorenyl)-«lla (IV) dlbenzyl, 

isopropoxymethvlsllandtvl complexes: 

(n-butylamldo)1sopropoxymethyK^ (II) 1,4- 

diphenyM ,3-butadiene, 

(n-butylamido)iaopropoxymethyHtiMetramethylcyclopenM 00 1»3- 

pentadlene, 

(rv*utylamkJo)i8opropoxymethyK^^ (110 2-(N,N- 
dimethy!amino)benzyl, 

(rvbutytemfdo)isopropoxymethylft 8 ^^ (\V) dimethyl, 



-15- 



WO 97/15602 



PCT7US96/ 14608 



(n-butylamido)isopropoxymethy^^ (IV) dlbenzyl, 

(cyclcKJodecylamido)t«opropoxymet^ (||) 1,4- 

diphenyt-1,3-butadiene v 
(cyclododecylamido)isopropoxymethy^ (II) 1f3 . 

pentad lene, 

(cyclododecyiamido)iaopropoxyme^ (ID) 2 . 

(N,N-dimethylamino)benzyl, 
(c^clododecylamWoJitopropoxyn^ (IV) 

dimethyl, 

(cyclododecylamido)isopropoxyme^ (IV) 
dibenzyl, 

(2A^trimethylanilido)isopropoxynw^ (II) 

1 ,4-dlphenyM ,3-butadiene, 
(2,4 t 6-trimethylanilido)isopropoxymethyK^^^ (II) 

1,3-pentadiene, 

(2A6-trimathylanllido)laopropoxymeth^ (III) 2- 

(N.N-dimethylaminoJbenzyl, 
(2,4,6-trlmethylanilldo)i8opropoxymetty^ (IV) 

dimethyl, 

(2A6-trtmethylani!Wo)leopropoxymetW^ (IV) 
dibenzyl, 

(1-adan*intylamido>i6opropoxyrr^yt(r^ (11) 1,4- 

diphenyM ,3-butadiene, 
(1-adamantylamido)isopropoxymethyl(T| 5 -^^ (1!) 1,3- 

pentadlene, 

(1-adamantylamido)i8opropoxy methyl (III) 2- 

(N,N-dlmethylamino)benzyl, 
(1-adamantylamido)i«opropoxymethyl(^ (IV) 

dimethyl, 

(1-adamantylamido)leopropoxymethyl(ii s ^ (IV) 
dibenzyl, 

(ivbutylamido)isopropoxymethyKTi 5 -^^ (II) 1,4-diphenyM,3- 

butadiene, 

(n-butylamido)l»opropoxymethyKn 8 -2-n^ (II) 1,3-pentadiene, 

(n-butytamido)iaopropoxymethyKii s -2-ffnethylindeny0^lanetitM (III) 2-(N,N- 
dlmethylamlno)benzyi, 
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(n-butylamido)isopropoxymethyt^^ (IV) dimethyl, 

(n-butylajnido)isopropoxy^ (IV) dibenzyi, 

(cyclododecylamidojisopropoxyira (10 1 ,4-dipheny 1-1,3- 
butadtene, 

(cydododecylami<to)i*opropox (II) 1,3-pentadiene, 

(cyclododecylamido)l8opropoxymethyl(n s -2-methy^ (III) 2-(N,N- 

dimethylamlno)benzyl, 

(cyclododecylamldo)i8opropoxymethyKTi 5 -2-m8thylindm (IV) dimethyl, 

(cyclododecytemido)l8opropoxymetti^ (IV) dibenzyi, 

(2,4,6-trimethy1anflldo)i8opropoxymeth^ (10 1,4-diphenyl- 

1,3-butadiene, 

(2,4,6-trimethytannido)i8opropoxymethy^ (II) 1,3-pentadiene, 

(2,4,6-trimethy1arulklo)i8opropoxyme^^ (III) 2-(N,N- 

dimethylamino)benzyfl, 

(2,4,6-trimethylanilkfo)l8opropoxyme^ (IV) dimethyl, 

(2,4 t 6-trimethylanHido)itopropoxym (IV) dibenzyi, 

(1-adamantytamldo)teopfopoxymethyJ(T| 5 -2-meth^ (II) 1 ,4-dipheny M ,3- 

butadiene, 

(1-adamantytamido)i8opropoxymethyl(^ (II) 1,3-pentadiene, 

(1-adamantylamidoM8opropoxymethyt(^ (IK) 2-(N,N- 

dimethylamlno)ben2yl, 

(1-adamantylamido)i8opropoxymethy1(r| 9 -2-methyl^ (IV) dimethyl, 

(1-adamantylamido)i8opropoxynwthyl(^ (IV) dibenzyi, 

(rhbutylamido)isopropoxymethyl(Ti 5 -3-methylindenyr)silanetitanium (ll) 1,4-diphenyM,3- 
butadlene, 

(n-butylamldo)isopropoxymethyl(T) s -3HTiethyllndenyl)8ilaneti (II) 1,3-pentadiene, 

(ivbutylamklo)i8opropoxymethyl(Ti 6 ^^ (III) 2-(N,N- 

dimethytamino)benxyl, 

(ivbutytamido)i8opropoxymethyt(T^ s *3-methyllndenyl)sll (IV) dimethyl, 

(n-butylamick>)i8opropoxymethy1(^ s -3-methyllndenyr)ai!ane (IV) dibenzyi, 

(cyclododecylamldo)isopropoxymethyl(V (II) 1,4-dlphenyM,3- 

butadiene, 

(cyc(ododecylamldo)teopropoxyfnethyH^ (10 1,3-pentadiene, 

(cyclododecylamido)i8opit>poxymethyKTi 5 -3-methylindenyl)-8i^ (III) 2-(N,N- 

dimethylamlno)benzy1, 

(cyclodCKlecylamido)i8opropoxymethyl(Ti s -3-methylindenyl)eilarw (IV) dimethyl, 
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(cyclododecytamido)isopropoxym (IV) dlbenzyl, 

(2,4,6-trimethylanIlido)Iaopf^oxymeth^^ (II) 1,4-dlphenyt- 
1,3-butadiene, 

(2,4,6-trimethytanilido)isop^ (II) 1,3-pentadiene, 

(2,4,6-trimethylanilido)i8opropoxyfn^ (HI) 2-(UM- 

dimethyiaminolbenzyl, 

(2,4,6-trimethyiantlido)isopropoxym^ (IV) dimethyl, 

(2,4,6-trim«thytanllido)Uopro (IV) dlbenzyl, 

(1-adamantylanrido)i8opropoxymett^ (If) 1,4-diphenyH,3- 

butadiene, 

(1-adamantylamick>)lsopropoxymethy^ (II) 1,3-pentadlene, 

(1^damantylamldo>lsopropoxym*thy^ (III) 2-(N,N- 

dlmethytamino)benzyl v 

(1-adamantylamldo)isopropoxymethyKTi 5 -> (IV) dimethyl, 

(1^damantylamido)iaopropoxyme1hyKn ft ^-methylindanyl)ailan^ (IV) dlbenzyl, 

(n-butylamido)lsopropoxymethy^ (II) l,4-dlphenyM,3- 
butadiene, 

(n-butyiamick>)i«opropoxymethyl^^ (II) 1,3-pentadlene, 

(n-butylamjdo)isopropoxymethyt(^^ (III) 2-(N,N- 

dImethylamino)benzyl, 

(n-buty!amido)i8opropoxymathy1(i) 5 -2,3-dta^ (IV) dimethyl, 
(rvbutylamido)i8opropoxymethyl(T) s -2 t Mlmethylimlenyl)ailane^^ (IV) dibenzyl, 

(cyclododecylamick>)isopropox^ (A) 1,4-diphenyt- 

1,3-butadiene, 

(cyclcKJodecylamido)isopropoxymet^ (II) 1,3* 
pentadierte, 

(cyclododecylamido)isopropoxynMthyKT^ (III) 2-(N t N- 
dimethylamino)benzyl l 

{cyclododecylamldo)iiopropoxymethyKn*^ (IV) dimethyl, 

(cyclododecylamldo)iMpropoxy methyl (IV) dibenzyl, 

(2,4,6-trimethylanilIdo)l*opropoxymeth^ (ll) 1,4- 

diphenyl-1 ,3-butadtene, 

(2,4,6-trimethylanUido)iaopropoxym^ (II) 1,3- 
pentadiene, 

(2,4,6-trimethylanilick>)i8opi^ (III) 2-(N,N- 
dimethylamlno)benzyl, 
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<2 ( 4,6-trimethytanilido)i8opropoxy^ (IV) dimethyl, 

(2,4,6-trimethylaniiido)i8opropoxymethylto^^ (IV) dibenzyl, 

(1-adamantyftamido)l8opropoxymethyl(^ (II) 1,4-diphenyh 
1,3-butadtone, 

(1-adamantylamido)i8opropoxymethyKTi 5 -2,3*d!m^ (II) 1,3- 
pentadiene, 

(1-actomantylamido)i8opropoxymethyKTl 5 -2^dim (III) 2-(N,N- 

dimethylamlno)benzyl, 

(l-adamarttylamldo)Uopropoxymethy^ (IV) dimethyl, 
(1-adamantylamido)lsopropoxymethyKT) 9 *2,3-dimethylindenyl)8ilane^ (IV) dibenzyl, 

(n-birtytamido)i8opropoxymethyl(Ti s *2-methyl-4-^ (II) 1,4-diphenyl- 

1 ,3-butadiene, 

(n-butylamldo)isopropoxymethyKV*2-f^ (10 1f3- 

pentadiene, 

(n-butylamldo)isopropoxymethyKTi s -^^ (III) 2-(N,N- 

dlmethylamino)benzyl 9 
(n-butylamido)isopropoxymethy^ (IV) dimethyl, 

(n-butytamido)lsopropoxymethy^^ (IV) dibenzyl, 

(cyclododecylamldo)iaopropoxymethyl(^^ 00 1.4- 

diphenyl-1 ,3-butadiene, 
(cyc!ododecylamido)isopropoxymethyl^ (II) 1,3- 

pentadiene, 

(cyclododecytem»do)lsopropoxynmthyl(ii 5 -2-methyl-4-phenyWnd <lll> 2-(N,N- 

dlmethylamino)benzyl, 
(cyclododecylamido)isopropoxymethyl^ 

dimethyl, 

(cyclodCKlecytamido)i&opropoxymethy^ 0V) 
dibenzyl, 

(2,4,6-trimethylanilido)i8opropoxyme (II) 1,4- 

diphenyl-1 ,3-butadiene, 
(2,4,6-ti1methylanilido)i8opropoxymetW (II) 1,3- 

pentadlene, 

(2,4,6-trifTMthylanflfdo)isopropoxymett^ (III) 2- 

(N,N-dimethylamlno)benzyl, 
(2,4,6-trimethylanilldo)leopropoxymett^ (IV) 

dimethyl, 
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(2,4,6-trimethylanllldo)iaopropox^ (IV) 
dibenzyl, 

(l-adamantylamldo)ltopropoxyrTw^^ (II) 1,4. 

diphenyt-1,3-butadiene, 
(1-adamajitylamido)iB©propoxymethy^ (||) 1,3- 

pentad lane, 

(1*damantylamido)i*opropoxyn^ (HI) 2-<N,N- 

dimethylamino)benzyl, 
(1*damantylamldo)i84propoxymethy^^ (IV) 

dimethyl, 

(1 ^damantylamkio)lS4propoxymethyl(^ ( IV) 

dibenzyl, 

(n-butylamido)isopropoxymethyK^ (II) 1,4-diphenyM,3- 

butadiene, 

(n-butylamido)iBopropQxymeth^ (II) 1,3-pentadiene, 

(n-butylamldoJIaopropoxyinethylftMeta^ (111) 2-(N,N- 

dimethylamino)banzyl t 
(n-butylamido)iaopropoxymethyKn s -teM (IV) dimethyl, 

(n-butylamido)isopropoxymethyKn $ ^^ (IV) dibenzyl, 

(cyclododeeylamido)i8opropoxyfnethy1^ (II) 1,4-dlphenyl- 

1,3-butadiena, 

(c^clododecylamido)i8opropoxymethyl(iiMe^ (II) 1,3- 

pentadiene, 

(cyclododecyftamido)isopropoxymethyl(ii'-tetra^ (III) 2-{N t N- 

dlmethylamlno)benzyl, 

(cyclododecytamWo)i*opropoxyi™m (IV) dimethyl, 

(cyclododecylamido)iMpropoxymethyl(i^^ (IV) dibenzyl, 

(2A6*imethyl8fillido)isopropoxymeth^ (II) 1,4- 

dlphenyM ,3-butadiene, 
(2,4,6-trinMthylanilido)isopropoxymeth^^^ (II) 1 ,3- 

pentad lene, 

(2,4,6-trimethylanilldo)iaopropoxyi^^ (III) 2-<N,N- 

dlmethylamlno)benzyl f 

(2,4,6-trimethylanilido)leopropoxyiM (IV) dimethyl, 

(2 A&-trimethylanilldo)Ia©propoxymetn^^ (IV) dfcenzyl, 
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(1-adamantylamido)isopropoxymethy^ (II) 1,4-diphenyt- 
1,3-butadiene, 

(1-adamantylarrudo)isopropoxymethyl(T)Meta^ (II) 1,3- 
pentactiene, 

(l-adamantylamido)isopropoxymethyl(i^^ (III) 2-(N,N- 
dimethytamino)benzyl, 

(1-adamantytamido)i8opropoxymethyKii 5 "tetrahydrofluoren^ (IV) dimethyl, and 

(l-adamantytamido)isopropoxymetrryl(^ (IV) dibenzyl. 

Other metal comptexea, especially compounds containing other Group 3, 4 or 
Lanthanide metals will, of course, be apparent to those skilled in the art 

The complexes are rendered eatalytically active by combination with an activating 
cocatalyst or by use of an activating technique. Suitable activating cocatalysts for use herein 
include polymeric or oligomeric alumoxanes, especially methylalumoxane, triisobutyl 
aluminum- modified methylalumoxane, or dlisobutylalumoxane; strong Lewis acids, such as 
c 1-30 bydrocarbyl substituted Group 13 compounds, especially trl(hydrocarbyl)aluminunv or 
tri(hydrocarbyl)boron- compounds and halogenated derivatives thereof, having from 1 to 10 
carbons in each hydrocarbyl or halogenated hydrocarbyl group, especially 
trls(pentafluorophenyr)borane; and nonpotymeric, inert, compatible, noncoordinating, ion 
forming compounds (including the use of such compounds under oxidizing conditions). A 
suitable activating technique Is bulk electrolysis (explained in more detail hereinafter). 
Combinations of the foregoing activating cocatalysts and techniques may also be employed if 
desired. The foregoing activating cocatalysts and activating techniques have been previous ty 
taught with respect to different metal complexes In the following references: EP-A-277,003, 
US-A-5,153,157, US-A-5,064,802, EP-A-468,651, EP-A-520,732, and W093/23412. 

Suitable nonpolymerlc, inert, compatible, noncoordinating, ion forming compounds 
useful as cocatalysts in one embodiment of the present invention comprise a cation which is a 
Bronsted acid capable of donating a proton, and a compatible, noncoordinating, anion, A\ 
Preferred anions are those containing a single coordination complex comprising a charge- 
bearing metal or metalloid core which anion is capable of balancing the charge of the active 
catalyst species (the metal cation) which Is formed when the two components are combined. 
Also, said anion can be displaced by olefinic, diolefinic and acetykenlcally unsaturated 
compounds or other neutral Lewis bases such as ethers or nitrites. Suitable metals include, 
but are not limited to, aluminum, gold and platinum. Suitable metalloids Include, but are not 
limited to, boron, phosphorus, and silicon. Compounds containing anions which comprise 
coordination complexes containing a single metal or metalloid atom are well known and many, 
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particularly such compounds containing a single boron atom in the anion portion, are 
available commercially. 

Preferably such cocatalysts may be represented by the following general formula: 

<L*-H) + d A d -. wherein: 
L* is a neutral Lewis base; 
(L*-H)+ is a Bronsted acid; 

A<*" is a noncoordinating, compatible anion having a charge of d- v and 
d Is an Integer from 1 to 3. 

More preferably d is one, that Is, A** is A*. 

Highly preferably, A" corresponds to the formula: [8Q4]" wherein: 
B is boron in the +3 formal oxidation state; and 

Q independently each occurrence is selected from hydride, diaikylamido, halide, 
alkoxide, aryloxide, hydrocarbyl, halocarbyl, and halosubstltutad-hydrocarbyl radicals, said Q 
having up to 20 carbons with the proviso that in not more than one occurrence is Q halide. 

In a more highly preferred embodiment, Q is a fluorinated d-a hydrocarbyl group, 
most preferably, a fluorinated aryl group, especially, pentafluorophenyl. 

Illustrative, but not limiting, examples of ion forming compounds comprising proton 
donatable cations which may be used at activating cocatalysts in the preparation of the 
catalysts of this invention are trl-substttuted ammonium salts such as: 
trtmethylammonium tetraphenylborete, 
trlethylammonhim tetraphenylborete, 
trtpropylammonium tetraphenylborete, 
tri(n-butyl)ammonium tetraphenylborete, 
trl(t-butyl)ammonium tetraphenylborete, 
N,N-dimethylanillnium tetraphenylborete, 
N,N-diethylanilinium tetraphenylborete, 
N,N-dimethyl(2,4,6-trimethylanllinium) tetraphenylborete, 
trimethylammonium tetralds-(penta*f luorophenyl) borate, 
trlethylammonium tetralds-(pentaf luorophenyl) borate, 
trtpropylammonium tetrakls(pentafluorophenyl) borate, 
tri(n-butyl)-ammonium tatralda(pentaf luorophenyl) borate, 
tri(sec*butyl)ammoniiim tetralds(perttafluorophenyl)borate, 
N,N-dimethylanillnium tetralds(pentafluoropheriyK) borate, 
N,N-diathylanllinium tetralds(pentaf luoro-phenyl) borate, 
N,N-dimethyK2 f 4,6-trimethyl-anillnlum) tetrakfts-(pentafluorophenyl) borate, 
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trim«thylammonium tetrakis(2,3 t 4 ( 6-tetrafluorc^hcnylborato, 
triethylammonium tetreJcis(2,3,4,&-tetraftuorophenyt) borate, 
trlpropylammonium tetrakis(2 f 3 l 4 t 6>totraf hjorophenyl) borate, 
tri(n-butyl)ammonlum tetra)ds(2,3,4,6-tetrafluorophenyl) borate, 
dimethyt(t-butyl)ammonium tetrakis(2,3,4,6-tetraftuorophenyi) borate, 
N,N-dlmethy tonlllnium tetra!ds(2,3,4,6-tetrafiuorophenyl) borate, 
N,N-diethylanilinluin tetralds(2,3,4,6-tetrafluorophenyl) borate, and 
N,N-dimethyH2,4 t CMrimethylanllInlum) tetrakis-(2,3,4,6-tetrafluorophenyl) borate. 

Dialkyl ammonium ealts such as: dH*-propy1)ammonium tetrakis(pentafluorophenyl) 
borate, and dtayclohexylammonlum tstrakis(pentafluorophenyl) borate. 

Tri-substftuted phosphonhim salts such as: triphenylphosphonium tetralds- 
(pentafluorophenyl) borate, trl(o-tolyt)phosphonium tetrald8(penta-fluorophenyl) borate, and 
tri(2,6-dimethytphenyl)-phosphonium tetrakis(pentafluorophenyl) borate. 

Preferred are N,N-di methyls nilinium tetrakia(pentafluorophenyl)borate and 
tributy (ammonium tetraki8(pentafiuorophenyl)borate. 

Another suitable ton forming, activating cocatalyst comprises a salt of a cationic 
oxidizing agent and a noncoordinatlng, compatible anion represented by the formula: 

(Ox*+) d (A«h e 

wherein: 

Ox*+ is a cationic oxidizing agent having charge e+; 
e is an Integer from 1 to 3; and 
A**", and d are as previously defined. 

Examples of cationic oxidizing agents Include: ferrocenlum, hydrocarbyl-substltuted 
ferrocenhim, Ag+ t or Pb+ 2 . Preferred embodiments of A<*" are those anions previously defined 
with respect to the Bronsted acid containing activating cocatalysts, especially 
tetrakis(pentafluorophenyl)borate. 

Another suitable Ion forming, activating cocatalyst comprises a compound which is a 
salt of a cartoenhim km or siiylium ion and a noncoordinating, compatible anion represented 
by the formula: 

©*A* 
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wherein: 

©+ Is a C<i*20 carfoenlum Ion or silylium ion; and 
A" Is as previously definsd. 

A preferred carfoenlum Ion Is the trftyl cation, that Is triphenylcarbenium. A preferred 
5 silylium ion is triphenylsilylium. 

The foregoing activating technique and Ion forming cocatalysts are also preferably 
used in combination with a tri(hydrocarbyl)aluminum compound having from 1 to 4 carbons In 
each hydrocarbyl group, an oiigomeric or polymeric alumoxane compound, or a mixture of a 
trl(hydrocarbyi)aluminum compound having from 1 to 4 carbons In each hydrocarbyl group 
io and a polymeric or oiigomeric alumoxane. 

An especially preferred activating cocatafyst comprises the combination of a trialkyl 
aluminum compound having from 1 to 4 carbons in each alkyl group and an ammonium salt of 
tetrakis(pentafluorophenyl)borate 9 in a molar ratio from 0.1:1 to 1:0.1, optionally up to 1000 
mole percent of an alkylalumoxane with respect to M t is also present 

15 The activating technique of bulk electrolysis Involves the electrochemical oxidation of 

the metal complex under electrolysis conditions in the presence of a supporting electrolyte 
comprising a noncoordinatlng, inert anion. In the technique, solvents, supporting electrolytes 
and electrolytic potentials for the electrolysis are used such that electrolysis byproducts that 
would render the metal complex catatytically inactive are not substantially formed during the 

20 reaction. More particularly, suitable solvents are materials that are: liquids under the 

conditions of the electrolysis (generally temperatures from 0 to 100°C), capable of dissolving 
the supporting electrolyte, and inert. "Inert solvents* 9 are those that are not reduced or 
oxidized under the reaction conditions employed for the electrolysis. It is generally possible 
in view of the desired electrolysis reaction to choose a solvent end a supporting electrolyte 

25 that are unaffected by the electrical potential used for the desired electrolysis. Preferred 
solvents include dH luorobenzene (all isomers), DME, and mixtures thereof. 

The electrolysis may be conducted in a standard electrolytic cell containing an anode 
and cathode (alao referred to aa the working electrode and counter electrode respectively). 
Suitably materials of construction for the cell are glass, plastic, ceramic and glass coated 
30 metal. The electrodes are prepared from inert conductive materials, by which are meant 
conductive materials that are unaffected by the reaction mixture or reaction conditions. 
Platinum or palladium are preferred inert conductive materials. Normally, an ion permeable 
membrane such as a fine glass frit separates the cell into separate compartments, the working 
electrode compartment and counter electrode compartment. The working electrode is 
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immersed in e reaction medium comprising the metal complex to be activated, solvent, 
supporting electrolyte, and any other materials desired for moderating the electrolysis or 
stabilizing the resulting complex. The counter electrode Is Immersed In a mixture of the 
solvent and supporting electrolyte. The desired voltage may be determined by theoretical 
5 calculations or experimentally by sweeping the cell using a reference electrode such as a 
silver electrode immersed In the cell electrolyte. The background cell current, the current 
draw in the absence of the desired electrolysis, is also determined. The electrolysis is 
completed when the current drops from the desired level to the background level. In this 
manner, complete conversion of the initial metal complex can be easily detected. 

10 Suitable supporting electrolytes are salts comprising a cation and an Inert, compatible, 

noncoordinating anion, A*. Preferred supporting electrolytes are salts corresponding to the 
formula: 

Q+A-; 

wherein: 

15 G+ is a cation which is nonreactWe towards the starting and resulting complex, and 

A" Is a noncoordinating, compatible anion. 

Examples of cations, G + , include tetrahydrocarbyl substituted ammonium or 
phosphonium cations having up to 40 nonhydrogen atoms. A preferred cation is the tetra-n- 
butylammonium cation. 

20 During activation of the complexes of the present invention by bulk electrolysis the 

cation of the supporting electrolyte passes to the counter electrode and A" migrates to the 
working electrode to become the anion of the resulting oxidized product. Either the solvent or 
the cation of the supporting electrolyte is reduced at the counter electrode in equal molar 
quantity with the amount of oxkttzed metal complex formed at the working electrode. 

25 Preferred supporting electrolytes are tetrahydrocarbylammonium salts of 

tetrakis(perfluoroaryl) borates having from 1 to 10 carbons in each hydrocarbyl group, 
especially tetra-n-butytainmonium tetrakis<pentaftuorophenyl) borate. 

The molar ratio of cataryst/cocatatyst employed preferably ranges from 1 : 10,000 to 
100:1, more preferably from 1:5000 to 10:1, most preferably from 1:10 to 1:2. 

30 In general, the catalysts can be prepared by combining the two components In a 

suitable solvent at a temperature within the range from 100*0 to 300*C. The catalyst may be 
separately prepared prior to use by combining the respective components or prepared in situ 
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by combination in the presence of the monomer* to be polymerized. It is preferred to form the 
catalyst in situ due to the exceptionally high catalytic effectiveness of catalysts prepared in 
this manner. The catalysts' components are sensitive to both moisture and oxygen and 
should be handled and transferred in an inert atmosphere. 

5 As previously mentioned the present metal complexes are highly desirable for use in 

preparing supported catalysts. The presence of the alkoxy functionality in the bridging group 
has been discovered to be particularly beneficial in allowing the complexes to chemically bind 
to hydroxyl, silane or chlorosilane functionality of the substrate materials. Especially suited 
substrates include alumina or silica. Suitable supported catalyst systems are readily prepared 
10 by contacting the present metal complexes with the substrate optionally while subjecting to 
heating and/or reduced pressures. A Lewis base, especially a trialkytamine can be present to 
assist in the reaction between the support and the alloxans functionality of the metal 
complexes. 

Preferred supports for use in the present invention include highly porous 
15 silicas, aluminas, aluminosilicates, and mixtures thereof. The most preferred support material 
Is silica. The support material may be In granular, agglomerated, pelletized, or any other 
physical form. Suitable materials include, but are not limited to, silicas available from Grace 
Davison (division of W.R. Grace & Co.) under the designations SD 321630, Davison Syloid 
245, Davison 948 and Davison 952, and from Degussa AG under the designation Aerosfl 812; 
20 and aluminas available from Akzo Chemicals Inc. under the designation Ketzen Grade B. 

Supports suitable for the present invention preferably have a surface area as 
determined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m^/g, and 
preferably from 100 to 600 nAg. The pore volume of the support, as determined by nitrogen 
adsorption, advantageously Is between 0.1 and 3 cm 3 /g, preferably from 0.2 to 2 cm 3 /g. The 
25 average particle size is not critical, but typically Is from 0.5 to 500 pm, preferably from 1 to 100 
um 

Both silica and alumina are known to inherently possess small quantities of 
hydroxyl functionality attached to the crystal structure. When used as a support herein, these 
materials are preferably subjected to a heat treatment and/or chemical treatment to reduce the 

3 o hydroxyl content thereof. Typical heat treatments are carried out at a temperature from 30 to 
1000°C for a duration of 10 minutes to 50 hours in an inert atmosphere or under reduced 
pressure. Typical chemical treatments include contacting with Lewis acid alkylating agents 
such as trihydrocarbyl aluminum compounds, trlhydrocarbyichlorosilane compounds, 
trihydrocarbytalkoxysilane compounds or slmlar agents. Preferred silica or alumina materials 

3 5 for use herein have a surface hydroxyl content that ia less than 0.8 mmol hydroxyl groups per 
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gram of solid support, more preferably less than 0.5 mtnol per gram. The hydroxy! content 
may be determined by adcfing an excess of dialkyl magnesium to a slurry of the solid support 
and determining the amount of dialkyl magnesium remaining in solution via known 
techniques. This method Is based on the reaction: 

5 S-CH + Mg(AIk)2 -> S-OMg(Alk) + (Alk)H, 

wherein S is the solid support, and Alk is a alkyl group. 

The support may be unfunctlonallzed (excepting for hydroxyl groups as 
previously disclosed) or functionalized by treating with a silane or chlorosilane functionallzing 
agent to attach thereto pendant silane -(Sl-R)=, or chlorosilane -<SI-CI>= functionality, wherein 

10 R Is a Ci.io hydrocarbyl group. Suitable functionallzing agents are compounds that react with 
surface hydroxyl groups of the support or react with the silicon or aluminum of the matrix. 
Examples of suitable functionallzing agents include phenylsilane, diphenylsllane, 
methylphenylsilane, dimethylsllana, diethylsilane, dichlorosilane and dlchlorodimethylsilane. 
Techniques for forming such functionalized silica or alumina compounds were previously 

15 disclosed in USP's 3,687,920 and 3,879,368. 

The support may also be treated with an aluminum component selected from 
an alumoxane or an aluminum compound of the formula AIR 1 , R 2 ^, wherein R 1 Independently 
each occurrence is hydride or R, R 2 Is hydride, R or OR, x' is 2 or 3, y* is 0 or 1 and the sum of 
x' and y' is 3. Examples of suitable R 1 and R 2 groups include methyl, methoxy, ethyl, ethoxy, 
20 propyl (all isomers), propoxy (all isomers), butyl (all Isomers), butoxy (all isomers), phenyl, 
phenoxy , benzyl, and bertzyloxy. Preferably, the aluminum component is selected from the 
group consisting of aluminoxanes and trKCvi hydrocarbyi)alumlnum compounds. Most 
preferred aluminum components are aluminoxanes, trlmethyl aluminum, Methyl aluminum, trt- 
isobutyl aluminum, and mixtures thereof. 

2 s Alumoxanes (also referred to as aluminoxanes) are oligomerlc or polymeric 

aluminum oxy compounds containing chains of alternating aluminum and oxygen atoms, 
whereby the aluminum carries a eubatituent, preferably an alkyl group. The structure of 
alumoxane is believed to be represented by the following general formulae (-AI(R)-0) m ', for a 
cyclic alumoxane, and R2AI-0(-AI(R)-0) m -AIR2, for a linear compound, wherein R is as 

30 previously defined, and m' is an Integer ranging from 1 to 50, preferably at least 4. 

Alumoxanes are typically the reaction products of water and an aluminum alkyl, which In 
addition to an alkyl group may contain halide or alkoxlde groups. Reacting several different 
aluminum alkyl compounds, such as for example trlmethyl aluminum and trMsobutyl 
aluminum, with water yields so-called motffted or mixed alumoxanes. Preferred alumoxanes 

35 are methylalumoxane ami methylahimoxane modified with minor amounts of C M alkyl groups, 
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especially i so butyl. Alumoxsnes generally contain minor to substantial amounts of starting 
aluminum alkyl compound. 

Particular techniques for the preparation of aiumoxane type compounds by 
contacting an aluminum alkyl compound wtth an inorganic salt containing water of 
5 crystallization are disclosed in US-A-4,542,119. In a particular preferred embodiment an 

aluminum alkyl compound Is contacted with a regeneratable water-containing substance such 
as hydrated alumina, silica or other substance. This is disclosed in EP-A-338,044. Thus the 
aiumoxane may be incorporated into the support by reaction of a hydrated alumina or silica 
material, which has optionally been functionalized with sHane, alloxans, hydrocarbyloxysilsns, 
10 or chlorosilane groups, with a trKC^o alkyl) aluminum compound according to known 
techniques. 

The treatment of the support material in order to also include optional 
aiumoxane or trialkylaluminum loadings involves contacting the same before, after or 
simultaneously with addition of the complex or activated catalyst hereunder with the 

1 5 aiumoxane or trialkylaluminum compound, especially triethytaluminum or 

triisobutylaluminum. Optionally the mixture can also be heated under an inert atmosphere for 
a period and at a temperature sufficient to fix the aiumoxane, trialkylaluminum compound, 
complex or catalyst system to the support. Optionally, the treated support component 
containing aiumoxane or the trialkylaluminum compound may be subjected to one or more 

2 o wash steps to remove aiumoxane or trialkylaluminum not fixed to the support 

Besides contacting the support with aiumoxane the aiumoxane may be 
generated in sHu by contacting an unhydroiyzed allies or alumina or a moistened silica or 
alumina with a trialkyl aluminum compound optionally in the presence of an inert diluent. 
Such a process is well known in the art, having been disclosed in EP-A-250,600, US-A- 

25 4,912,075, and US-A-6,008,228. Suitable aliphatic hydrocarbon diluents Include pentane, 
isopentane, hexane, heptane, octane, isooctsne, nonane, isononane, decane, cyclohexane, 
methylcyclohexane and combinations of two or more of such diluents. Suitable aromatic 
hydrocarbon diluents are benzene, toluene, xylene, and other alkyl or halogen substituted 
aromatic compounds. Most preferably, the diluent la an aromatic hydrocarbon, especially 

30 toluene. After preparation in the foregoing manner the residual hydroxy I content thereof Is 
desirably reduced to a level leas than 1 .0 meq of OH per gram of support, by any of the 
previously disclosed techniques. 

The catalysts, whether or not supported in any of the foregoing methods, may be used 
to polymerize ethylenically andfor acetylenically unsaturated monomers having from 2 to 
35 100,000 carbon atoms either alone or in combination. Preferred monomers Include the C2.20 
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a-olefmt especially ethylene, propylene, isobutytene, 1-butene, 1-pentene, 1-hexene, 3-methyl- 
1 -pen ten e, 4-methyH-pentene, 1-octene, 1-decene, long chain macromolecular a-olefins, and 
mixtures thereof. Other preferred monomers Include styrene, aJkyl substituted styrene, 
tetrafluoroethylene, vinylbenzocyctobutane, ethylldenenorbornene, 1,4-hexadiene, 1,7- 
5 octadiene, vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with 
ethylene. Long chain macromolecular a-olefins are vinyl terminated polymeric remnants 
formed In situ during continuous solution polymerization reactions. Under suitable 
processing conditions such long chain macromolecular units are readily polymerized into the 
polymer product along with ethylene and other short chain olefin monomers to give small 
10 quantities of long chain branching in the resulting polymer. 

In general, the polymerization may be accomplished at conditions well known in the 
prior art for Ziegter-Natta or Kamlnsky-Sinn type polymerization reactions, such as 
temperatures from 0-250° C and pressures from atmospheric to 1000 atmospheres (0.1 to 100 
MPa). Suspension, solution, slurry, gas phase or other process conditions may be employed 
15 if desired. The support, If present, is preferably employed in an amount to provide a weight 
ratio of catalyst (based on metal):support from 1 :1 00,000 to 1:10, more preferably from 
1 :50,000 to 1 20, and most preferably from 1:10,000 to 1 :30. Suitable gas phase reactions may 
utilize condensation of the monomer or monomers employed in the reaction, or of an inert 
diluent to remove heat from the reactor. 

20 In most polymerization reactions the molar ratio of catalyst poly merizable compounds 

employed is from 10' 12 :1 to 1(T 1 :1, more preferably from 10' 12 :1 to 10r*:1. 

Suitable solvents for polymerization via a solution process are noncoordinating, inert 
liquids. Examples include straight and branched-chaln hydrocarbons such as isobutane, 
butane, pentane, hexane, heptane, octane, end mixtures thereof; cyclic and alicycHc 

25 hydrocarbons such as cyciohexana, cycloheptane, methyicyclohexane, methylcycloheptane, 
and mixtures thereof; perfluorinated hydrocarbons such as perfluorinated C4.1Q aikanes, and 
aromatic and alkyi-substttuted aromatic compounds such as benzene, toluene, and xylene. 
Suitable solvents also Include liquid olefins which may act as monomers or comonomers 
including ethylene, propylene, 1-butene, butadiene, cyclopentene, 1-hexene, 3-methyM- 

30 pentene, 4-methyM-pentene, 1 ,4-hexadiene, 1,7-octadiene, 1 -octane, 1-decene, styrene, 

divinylbenzene, ethylldenenorbornene, atlylbenzene, vtnyltotuene (Including all isomers alone 
or in admixture), 4-vinylcyclohexene, and vinylcyclohexane. Mixtures of the foregoing are also 
suitable. 

The catalysts may also be utilized in combination with at least one additional 
3 5 homogeneous or heterogeneous potymsrtzation catalyst in the same or in separate reactors 
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connected in series or in parallel to prepare polymer blends having desirable properties. 
Examples of such processes are disclosed in WO 94/00500 and WO 94/17112. 

One such polymerization process comprises: contacting, optionally in a solvent, one 
or more o-olef ins with a catalyst according to the present invention, in one or more 
5 continuous stirred tank or tubular reactors, or in the absence of solvent, optionally in a 
fluidteed bed gas phase reactor, connected in series or parallel, and recovering the resulting 
polymer. Condensed monomer or solvent may be added to the gas phase reactor as is well 
known In the art. 

These polymerizations are generally carried out under solution conditions to facilitate 
10 the Intimate mixing of the two polymer-containing streams. The foregoing technique allows 
for the preparation of ethylenefo-olefin interpolymer compositions having a broad range of 
molecular weight distribution and composition distribution. Preferably, the heterogeneous 
catalyst is also chosen from those catalysts which are capable of efficiently producing the 
polymers under high temperature, especially, temperatures greater than or equal to 180*C 
15 under solution process conditions. 

The foregoing technique also allows for the preparation of ethylenefoolefln 
interpolymer compositions having a broad range of molecular weight distributions and 
composition distributions. Particularly desirable a-olefins for use in the foregoing processes 
are C44 a-olefins, most desirably 1 -octane. 

20 The skilled artisan will appreciate that the invention disclosed herein may be practiced 

In the absence of any component which has not been specifically disclosed. The following 
examples are provided as further illustration of the Invention and are not to be construed as 
limiting. Unless stated to the contrary all parts and percentages are expressed on a weight 
basis. All chemical manipulations were performed under nitrogen in either an inert 

25 atmosphere glove box or on a nitrogen/vacuum double manifold using standard Schetenk 
techniques. 

ISSOlfilSj Preparation of M^C P S»MeMOIPrt(N t Butt Me, 

a) Preparation of MeSKOiPr)(NH t Bu)CI 



To 45 ml (0.38 moles) of trlchloromethylsilane in 1.5 L of anhydrous ether cooled at 0°C 
30 In an ice bath was added 51.5 ml (0.38 moles) of triethyiamine followed by dropwise addition 
of 29.5 ml (0.38 moles) of 2-propanol. After stirring for 4 hr, the precipitated white solid 
(triethyiamine hydrochloride) was removed by filtration through a filter stick and waahed with 
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2 x 100 ml portions of other. The ether filtrate and washing as were then combined, cooled at 
0 °C in an ice bath and 51.5 ml (0.38 moles) of triethy lamina added followed by drop wise 
addition of 40.5 ml (0.38 moles) of t-butytamine. After stirring for a further four hours the 
resulting white slurry was again filtered, washed and the ether removed under vacuum to yield 

5 70 g of MeSI(OIPr)(NH t Bu)CI (90 percent yield) as a clear colorless oil pure by gas 
chromatography. 

b) Preparation of Me 4 CpHSi(Me)(0 , Pr)(NH t Bu) 

To 13 g (0.062 moles) of MeSI(O l Pr)(NH t Bu)CI dissolved In 500 ml of tetrahydrofuran 
was added 10 g (0.062 moles) of potassium tetramethylcyclopentadienide over a 1 hr period. 
10 The mixture was brought to reflux and then stirred at room temperature for 4 hr. The orange 
slurry was filtered, and the solvent removed to yield 16.5 g of a yellow oil. This oil was then 
vacuum distilled and 13,3 g of product collected between 81 - 85oC as a light yellow oil (73 
percent yield). 

c) Preparation of [Me 4 CpSI(MeXO l Pr)(N t Bu)][MgCI] 2 

15 To 4.73 g (0.016 moles) of Me 4 CpHSI(Me)(O l PrXNH t Bu) in 45 ml of toluene was added 

14.5 ml of a 2.2 M solution of isopropyHnagnesium chloride m ether. After stirring for 20 
minutes, the ether was removed under vacuum and the remaining toluene solution ref iuxed for 

3 hr. To the warm solution was added 0.5 ml of dimethoxyethane at which point a gelatinous 
solid precipitated. The remaining solvent was decanted off and hexane added to the 

20 remaining mass which was triturated and ref Iuxed. The hexane was then decanted off and the 
remaining solid dried under vacuum to give 6.5 g of a white solid (94 percent yield). To 0.2 g 
of this solid was added 10 ml of 4.5 M H 2 S0 4 and 20 ml of distilled water. After shaking for 2 hr 
the sofid had dissolved and the hydrolysats made up to 100 ml and chloride and magnesium 
content determined by AgN0 3 and EDTA titration respectively. 

25 d) Preparation of (Me 4 CpS«MeXO , Pr)(N t Bu))Tia 2 

To 2 g (0.00465 motes) of [Me 4 CpSi(Me)(0 > PrKN t Bu)][MgCI]x in 100 ml of 
dimethoxyethane was slowly added 1.45 g (0.00465 moles) of HCMDMEKtb over a 30 mln 
period. After further stirring for 15 min the mixture turned a dark brown color at which point 
1.5 ml (0.019 moles) of anhydrous chloroform was added. After five minutes the solution had 
3 o turned a dark orange color. The solvent was then removed under vacuum and the remaining 
dark orange solid recrystallized from n-pentane at - 37°C to yield 1.1 g of a crystalline orange 
solid (57 percent yield). 

-31- 



WO 97/15602 



PCT/US96/M608 



e) Preparation of (Me4CpSI(MeHO'Pr)(NtBu))TlMe2 

To 25 ml of diethylether was added 0.190 g (0.466 mmol) of 
(Me 4 CpSI(Me)(0'Pr(N'Bu))T1Cl2. To this solution 0.337 ml (1.01 mmol) of a 3.0 M diethyl ether 
solution of methylmagnesium iodide was added dropwise. After the addition was complete 
5 the resulting solution was stirred for 40 minutes. The solvent was then removed under 

reduced pressure and the residue extracted with hexane, filtered and the solvent removed via 
vacuum to give 0.081 g of product (47 percent yield). 

Example 2 Preparation of Me,Cp(Me)fO-2-BuVN l Bu>TIMe y 

a) Preparation of MeSI(0-2-BuKNH t Bu)CI 

io To 62.8 ml (0.54 moles) of trichloromethylsllane In 1.5 L of anhydrous tetrahydrofuran 

cooled at 0°C in an ice bath was added 71.5 ml (0.54 moles) of triethyiamine followed by 
dropwise addition of 49 ml (0.54 moles) of 2-butanol. After stirring for 4 hr, the precipitated 
white solid (triethyiamine hydrochloride) was removed by filtration through a filter stick and 
washed with 2 x 100 ml portions of tetrahydrofuran. The filtrate and washings as were then 

15 combined, cooled at 0°C in an ice bath and 71.5 ml (0.54 moles) of triethyiamine added 
followed by dropwise addition of 56.3 ml (0.54 moles) of t-butylamine. After stirring for a 
further four hours the resulting white slurry was again filtered, washed and the solvent 
removed under vacuum to yield 120 g of MeSKO-2-Bu)(NH l Bu)CI (94 percent yield) as a clear 
colorless oil pure by gas chromatography. 

20 b) Preparation of Me4CpHSi(Me)(0-2-Bu)(NH , Bu) 

To 14 g (0.062 moles) of MeSI(0-2-Bu)(NH t Bu)CI dissolved In 300 ml of tetrahydrofuran 
was added 10 g (0.062 moles) of potassium tetramethylcyclopentadientde over a 1 hr period. 
The mixture was brought to reflux and then stirred at room temperature for 4 hr. The orange 
slurry was filtered, and the solvent removed to yield 16 g of a yellow oil. This oil was then 
25 vacuum distilled and 13.8 g of product collected between 98-110 *C as a light yellow oil (72 
percent yield). 

c) Preparation of [Me 4 CpSI(MeMO-2-BuXN t Bu)][Mga] 2 

To 5 g (0.016 moles) of Me 4 CpHSI(MeXO-2-Bu)(NH t Bu) In 45 ml of toluene was added 
14.5 ml of a 2,2 M solution of isopropyi-msgnesium chloride in ether. After stirring for 20 
3 o minutes, the ether was removed under vacuum and the remaining toluene solution refluxed for 
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3 hr. To the warm solution was added 0.5 ml of dimathoxyathana at which point a gelatinous 
solid precipitated. The remaining solvent was decanted off and hexane added to the 
remaining mass which was triturated and reftuxed. The hexane was then decanted off and the 
remaining solid dried under vacuum to give 6 g a white solid (94 percent yield). To 0.2 g of 
5 this solid was added 10 ml of 4.5 M H2S0 4 and 20 ml of distilled water. After shaking for 2 hr 
the solid had dissolved and the hydrolysate made up to 100 ml and chloride and magnesium 
content determined by AgNOs and EOTA titration respectively. 

d) Preparation of (Me 4 CpSi(MeMO-2-BuXN t Bu))TlCl 1 

To 2.5 g (0.00465 moles) of [Me 4 CpSI(Me)(0-2-Bu)(N t Bu)][MgCq 2 in 100 ml of dimethoxyethane 
10 was slowly added 1.45 g (0.00465 moles) of TtClj(DME)1.75 over a 30 min period. After further 
stirring for 15 min the mixture turned a dark brown color at which point 1 JS ml (0.019 moles) of 
anhydrous chloroform. After 5 minutes the solution had turned a dark orange color. The 
solvent was then removed under vacuum and the remaining solid extracted with n-pentane to 
yield 0.9 g of a dark orange oil (45 percent yield). 

15 e) Preparation of (Me 4 CpSKMe)(0-2-BuXM l Bu))TiMe s 

To 20 mL of dlethylether was sdded 1.22 g (2.86 mmol) of (Me 4 CpSI(Me)(0-2- 
BuXN t Bu))TIMe 2 . To this solution 1.90 ml (5.72 mmol) of a 3.0 M dlethylether solution of 
methylmagneaium iodide was added dropwise. After the addition was complete the resulting 
solution waa stirred for 40 minutes. The solvent was then removed under reduced pressure 
20 and the residue extracted with hexane, filtered and the solvent removed via vacuum to give 
1 .00 g of product (90 percent yield). 

Example 3 Preparation of MejCpSifMeMOEtVN'BuVnCIf 

a) Preparation of MeSi(OEt)(NH t Bu)CI 

To 62.8 ml (0.54 moles) of trichloromethylsilane In 1.5 L of anhydrous ether cooled at 
25 0°C In an Ice bath waa added 71.5 ml (0.54 moles) of triethyiamine followed by dropwise 
addition of 32 ml (0.54 molea) of ethanol. After stirring for 4 hr, the precipitated white solid 
(triethyiamine hydrochloride) was removed by filtration through a filter stick and washed with 
2 x 100 ml portions of tetrahydrofuran. The filtrate and washings as were then combined, 
cooled at 0°C in an ice bath and 71 .5 ml (0.54 moles) of triethyiamine added followed by 
30 dropwise addition of 56.3 ml (0.54 molea) of t-butylamine. After stirring for a further four hours 
the resulting white slurry was again filtered, washed and the solvent removed under vacuum 
to yield 100 g of MeSI(OEt)(NH l Bu)CI (94 percent yield) aa a clear colorless oil which was only 
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46 percent pure by gas chromatography. The remaining fractions were 13 percent of the 
diethoxy monoamine, 8 percent of the monoethoxydiamine adduct and 23 percent of the 
dlchloromonoamtne adduct The oil was then vacuum distilled and 38 g of a fraction boiling 
between 40 and 65°C collected and found to have a GC/MS consistent with 
5 MeSi(OEtXNH t Bu)CI. 

b) Preparation of Me 4 CpHSKMeKOEt)(NH t Bu) 

To 10 g (0.051 moles) of MeSI(OEt)(NH t Bu)CI dissolved in 300 mi of tetrahydrofuran 
was added 7 g (0.046 moles) of potassium tetramethylcyclopentadienlde over a 1 hr period. 
The mixture was brought to reflux and then stirred at room temperature for 12 hr. The orange 
10 slurry was filtered, and the solvent removed to yield 12 g of a yellow oil. This oil was then 
vacuum distilled and 7 g of product collected between 45 - 70*C as a light yellow oil (49 
percent yield). 

c) Preparation of [Me 4 CpSi(MeKOEt)(N t Bu)][MgCI]2 

To 3.4 g (0.012 moles) of Me 4 CpHSl(lie)(OEtXNH t Bu) in 45 ml of toluene was added 
15 0.55 ml (0.0067 moles) of tetrahydrofuran and the mixture heated to 85*C. The heating was 

then terminated and 11.3 ml of a 2.2 M solution of Isopropylmagneslum chloride in ether (0.025 
moles) added over 1 5 minutes. The slurry wss then ref luxed overnight cooled to room 
temperature and 0.88 ml of tetrahydrofuran added followed by 30 ml of hexane. After stirring 
overnight, a white powder precipitated which was filtered off and dried In vacuo, to give 1.32 g 
20 a white solid. To 0.2 g of this solid was added 10 ml of 4.5 M H2SO4 and 20 ml of distilled 
water. After shaking for 2 h. the solid had dissolved and the hydro ly sate made up to 100 ml 
and chloride and magnesium content determined by AgNO, and EDTA titration respectively. 

d) Preparation of (Me 4 CpSi(MeXOEt)(N t Bu))TiCI 2 

To 1.45 g (0.0047 moles) of HCI,(DME) t ^i In 100 ml of dimethoxyethane was slowly 
2 5 added 3.5 g (0.0047 moles) of [Me 4 CpSI(MeXOEt)(N t Bu)][MgC1] 2 over a 30 mki period. After 
further stirring for 15 min the mixture turned a dark brown color at which point 1 .5 ml (0.019 
molee) of anhydrous dichloremethane was added. After five minutes the solution had turned 
a dark orange color. The solvent was then removed under vacuum and the remaining dark 
orange solid recrystallized from n-perrtane at • 37°C to yield 0.9 g of a crystalline orange solid 
30 (45 percent yield). 
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A two-liter Parr reactor was charged with 740 g of tsopar-E™ mixed alkanes solvent 
(available from Exxon Chemicals Inc.) and 118 g of 1-octene comonomer. Hydrogen was 
added as a molecular weight control agent by differential pressure expansion from a 75 mL 
addition tank at 25 psi (2070 kPa). The reactor was heated to the polymerization temperature 
5 of 140 °C and saturated with ethylene at 500 psig (3.4 MPa). 2.0 jimol each of catalyst and 
cocatalyst at 0.005 M solutions in toluene were premixed in the drybox. After the desired 
premix time, the solution was transferred to a catalyst addition tank and injected into the 
reactor. The polymerization conditions were maintained for 15 minutes with ethylene on 
demand. The resulting solution was removed from the reactor, and a hindered phenol 
10 antioxidant (Irganox™ 1010 from Ciba Geigy Corporation) was added to the resulting solution. 
Polymers formed were dried in a vacuum oven set at 120 °C for 20 hours. Results are 
contained In Table 1. 



Table 1 



Run 
1 



2 E3L2 

trispentafiuorophenylborane 
g polymer/ g titanium 



Comdex 
Ex.1 



Cocatafvst 
TPFPB 1 



efficiency 2 
1 f Q25 v 000 
1 ,280,000 



i. 



15 



2. 
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WHAT IS CLAIMED IS: 



1- A metal complex corresponding to the formula: 

Z-Y 
/ I 
L -MW P 

or a dimer, solvated adduct, chelated derivative or mixture thereof, 
wherein: 

L Is a delocalized, n-bonded group that Is bound to M, containing up to 50 
nonhydrogen atoms; 

io M is a metal of Group 3, 4 or the Lanthanide series of the Periodic Table of the 

Elements; 

Z is a covalentty bound, divalent substituent of up to 50 non-hydrogen atoms having 
the formula, -(ER 2 )ni-> wherein E independently each occurrence is carbon, silicon or 
germanium, R independently each occurrence is selected from the group consisting of C 140 
15 hydrocarbyl, and hydrocarbyloxy, with the proviso that in at least one occurrence R ia C,. 
20 hydrocarbyloxy, and m is an integer from 1 to 3; 

Y is a divalent llgand group comprising nitrogen, phosphorus, oxygen or sulfur, said Y 
containing up to 20 nonhydrogen atoms; 

X 1 is a neutral Lewis base llgand having up to 20 non-hydrogen atoms; 

20 X" independently each occurrence is a monovalent, anionic moiety selected from 

hydride, halo, hydrocarbyl, sllyl, germyl, hydrocarbyloxy, amide, siloxy, halohydrocarbyl, 
halosilyl, silylhydrocarbyl, and aminohydrocarbyl having up to 20 non-hydrogen atoms, or two 
X" groups together form a divalent hydrocarbadiyl group; 
n is a number from 0 to 3; and 

25 p is an integer from 0 to 2. 

2. A metal complex according to claim 1 corresponding to the formula: 
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wherein: 

M is tttantum, zirconium or hafnium, preferably titanium, In the +2, +3 or +4 formal 
oxidation state; 

5 -Z-Y- is as previously defined In claim 1 ; 

R' independently in each occurrence is selected from the group consisting of 
hydrogen, hydrocarbyl, attyl, garmyt, cyano, halo and combinations thereof, said R' having up 
to 20 non-hydrogen atoms each, or adjacent R' groups together form a divalent derivative that 
is a hydrocarbadlyl, sHadiyl or germadlyl group; 

10 X' is a conjugated diene having from 4 to 30 non-hydrogen atoms, which forms a it- 

complex with M when M Is In the +2 formal oxidation state, whereupon n is 1 and p la 0; 

X" each occurrence is an anionic ligand group that Is covalently bonded to M when M 
is in the +3 or 44 formal oxidation state, whereupon n is 0 and p is 1 or 2, and optionally two 
X" groups together for a divalent anionic ligand group, whereupon n is 0; 
15 or a dimer, soivated adduct, chelated derivative or mixture thereof. 

3. A metal complex according to claim 2 wherein R' independently in each 
occurrence Is selected from the group consisting of hydrogen, methyl, ethyl, and all isomers 
of propyl, butyl, pentyl and hexyt, as well aa cyclopentyl, eydohexyi, norbomyt, benzyl, and 
trf methyl silyt; or adjacent R* groups are linked together thereby forming a fused ring system, 

20 or a dimer, soivated adduct, chelated derivative or mixture thereof. 

4. A complex according to claim 1 , wherein X' is tj 4 -1 ,4-diphenyt-1,3-butadiene; 
Tj 4 -1,3-pentadiene; t) 4 -1-phenyt-1^*pentadiene; t| 4 -1 ,4-dlbenzyM ,3-butadiene; T) 4 -2,4-hexadlene; 
T) 4 -3-methyM,3-pentadlene; V-1 ,4-<fltolyM ,3-butadiene; or V-1 ,4-bls(trimethylsily1)-1 ,3- 
butadiene, 

25 or a dimer, soivated adduct, chelated derivative or mixture thereof. 



-37- 



WO 97/15602 



PCT/US96/ 14608 



5. A complex according to claim 1 , wherein X" is chloride, methyl, benzyl, phenyl, 
tolyt, t-butyl, methoxide, or trimethylsilyi or two X" groups together are 1 ,4~butanediyl, 8- 
cls(1,3-butadiene), or e-cis(2 v 3^msthyl-1,3-butadlene), 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

6. A complex according to claim 1, wherein E is silicon, m Is 1, and R in at least 
one occurrence is methoxlde, ethoxide, propoxide or butoxide, 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

7. A complex according to claim 1 wherein Y is -NR*-, wherein R* is C t . 10 
hydrocarbyt, 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

8. A complex according to claim 7 wherein R* is methyl, ethyl, propyl, butyl, 
pentyi, hexyl, (Including branched and cyclic isomers), norbomyl, anilfdo, 2,4,6- 
trimethylanilido, 1-adamantanyl, benzyl, or phenyl, 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

9. A complex according to claim 1 wherein L is cydoperrtadienyi, 
tetramethylcyclopentadienyl, indenyl, tetrahydroindenyl, fluorenyl, tetrahydrof hiorenyl, 
octahydrofluorenyl, or one of the foregoing groups further substituted with one or more 
methyl, ethyl, propyl, butyl, pentyi, hexyl, (Including branched and cyclic isomers), norbomyl, 
benzyl, or phenyl groups, 

or a dimer, solvated adduct, chelated derivative or mixture thereof. 

10. A catalyst system comprising a metal complex according to claim 1 and an 
activating cocatalyst 

11. A supported catalyst systam comprising a catalyst system according to claim 
10 and an aluminum or silicon containing substrate. 

12. A process for polymerizing an otoJefin, comprising contacting an a-olef!n or a 
mixture of a-olef ins with a catalyst system according to claim 10 or 11 . 
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